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ABSTRACT 25 
Over the past four decades, agricultural systems in the Greater Mekong Subregion (GMS) have largely 26 
evolved from a subsistence orientation toward commercial production, but the multi-faceted changes 27 
behind this evolution vary in substance and degree.  Despite connoting economic progress, effects of 28 
these changes on household welfare indicators such as dietary diversity have been unclear.  By taking a 29 
comprehensive view of the farm household, this study discerns the drivers of household dietary 30 
diversity in this transitional context by linking the Household Dietary Diversity Score (HDDS), as an 31 
indicator of dietary diversity, to key household characteristics, livelihood strategies and indicators of 32 
farm performance in three study sites in Cambodia, Laos and Vietnam.  The Rural Household Multi-33 
Indicator Survey (RHoMIS) tool, a combined survey and analysis platform, was employed to collect data 34 
from over 1300 farm households.  HDDS is found to increase among the sites in a way that is roughly 35 
associated with their state of agricultural transition, though differing combinations of market 36 
orientation, specialisation, and intensification traits that describe such a transition suggest that the 37 
pathway to commercialisation, and dietary diversity, is not a linear one.  Drivers of dietary diversity vary 38 
markedly between the sites.  In the Laos site, HDDS is most closely correlated to a set of variables closely 39 
linked with agricultural transition, while in the Cambodia site it is associated more with other farm and 40 
household characteristics.  In the Vietnam site, dietary diversity is correlated to the overall value of crop 41 
production.  Findings point to the need to contextualise site-specific knowledge of linkages between 42 
dietary diversity and ongoing agricultural transition in the GMS, as well as policy and interventions 43 
seeking to improve dietary diversity in the face of such transition. 44 
 45 
Keywords: dietary diversity, agricultural transition, Household Dietary Diversity Score, Greater Mekong 46 
Subregion, Cambodia, Laos, Vietnam  47 
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1.  INTRODUCTION 48 
Throughout the tropics, smallholder livelihoods rely upon mixed agricultural systems that 49 
integrate a variety of on-farm crop and livestock enterprises.  Increasing population pressures in these 50 
areas have been fueling agricultural intensification and transitions to alternative forms of agriculture 51 
through processes outlined by Boserup (1965).  Though the ability of intensification to meet growing 52 
household income and food needs in the tropics remains unclear (Herrero et al., 2014), Boserup's 53 
description of agricultural transformation has been useful in describing changes observed throughout 54 
the developing world, such as those among smallholder systems supplying agricultural products to 55 
rapidly-developing urban centers in sub-Saharan Africa (Herrero et al., 2017).   56 
Perhaps the starkest examples of tropical agricultural transformation can be found within the 57 
Greater Mekong Subregion (GMS), a geopolitical area encompassing the Mekong River Basin in 58 
Southeast Asia and including the six states of Cambodia, China (specifically Yunnan Province and 59 
Guangxi Zhuang Autonomous Region), Laos, Myanmar, Thailand, and Vietnam.  Agricultural systems in 60 
the GMS have experienced profound and multifaceted transitions over the last four decades, evolving 61 
from traditional subsistence agriculture toward commercialised production (Alexander et al., 2017; 62 
Ashraf et al., 2017; Johnston et al., 2009; Kenney-Lazar, 2012; Li et al., 2014; Vicol et al., 2018).  Changes 63 
in the GMS follow pathways differentiated by local and national contexts, but overall are driven by 64 
infrastructure development and modernisation, improved market access, and government policy (Diez, 65 
2016; Goto and Douangngeune, 2017; Kyeyune and Turner, 2016).  Regional examples include Vietnam’s 66 
shift from centralised to market-oriented agricultural systems in the 1990’s (Cochard et al., 2017; Diez, 67 
2016; Knudsen and Mertz, 2016; Kyeyune and Turner, 2016; Meyfroidt et al., 2013; Nguyen et al., 2015; 68 
Truong et al., 2017) and the transition of shifting cultivation into other forms of commercialised 69 
agriculture in Laos (Heinimann et al., 2013; Hirota et al., 2014; Ornetsmuller et al., 2016; Southavilay et 70 
al., 2013) and Cambodia (Baird and Barney, 2017; McAndrew, 2000; Milne, 2013).  71 
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CIAT (2014) specifically focuses on three key characteristics of these transitions in the GMS: 72 
• Market orientation.  As market linkages strengthen, farmers increasingly produce crop and 73 
livestock goods for the market rather than for household consumption. 74 
• Production specialisation.  In response primarily to market forces, farmers increasingly allocate 75 
their production resources to e.g. cash crops, monocropping, specialty crops, and intensive 76 
animal production methods, sometimes at the expense of on-farm biodiversity (Rerkasem et al., 77 
2009).  78 
• Intensification of production.  Farmers introduce nitrogenous fertiliser usage and irrigation for 79 
crop production (Johnston et al., 2009), as well as intensive livestock production methods (Stür 80 
et al., 2013).  81 
Though evidence of these transitions and their associated influences is ubiquitous across the 82 
GMS, the geographic distribution, characteristics, and rates of change of these transitions are not 83 
uniform, but rather vary considerably across the region (Johnston et al., 2009).  Even at the local level, 84 
progressive farmers may seize opportunities to commercialise production while others retain more 85 
traditional attitudes and practices (Martin and Lorenzen, 2016), giving rise to a spectrum of households 86 
at various stages of agricultural transition.  Inter-household variations are then magnified by differences 87 
in market access, agricultural systems, and household resource endowments when viewed from a 88 
regional perspective.  Furthermore, transformations have extended beyond the farm, shifting the 89 
balance between on-farm livelihoods and off-farm employment (Martin and Lorenzen, 2016). 90 
In agrarian societies where livelihoods and sustenance are entwined with agriculture, market-91 
driven agricultural transitions would presumably connote economic progress.  In reality, the effects of 92 
these changes in the GMS on household welfare, and on food security and nutrition specifically, are 93 
unclear.  Several recent studies in the region, for example, reveal that inadequate nutrition and low 94 
dietary diversity remain pervasive (de Sa et al., 2013; McDonald et al., 2015a, b; Nguyen et al., 2013; 95 
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Talukder et al., 2013).  Linkages between agricultural production and dietary diversity as a critical 96 
determinant of nutritional outcomes (Lachat et al., 2018; Ruel, 2003) have been studied elsewhere 97 
(Dulal et al., 2017; Koppmair et al., 2017; Mulmi et al., 2017), but with the exception of a few studies, 98 
e.g. Michaux et al. (2016), associations between agricultural production and dietary diversity in the GMS 99 
are largely unexplored.  Furthermore, these studies (in the GMS and elsewhere) typically consider only 1 100 
or 2 aspects of the agricultural system such as production diversity (Jones et al., 2014; M'Kaibi et al., 101 
2017; Saaka et al., 2017; Sibhatu et al., 2015; Sibhatu and Qaim, 2018a; Sibhatu and Qaim, 2018b), while 102 
robust analysis of agricultural transitions requires a comprehensive view of the agricultural system and 103 
of the farm household. 104 
This study attempts to address this gap by quantifying dietary diversity across a spectrum of 105 
households in several GMS study sites and linking it to a comprehensive understanding of farm 106 
household and agricultural system characteristics.  A host of metrics for dietary diversity are available 107 
(Ruel, 2003), but this study centers on the Household Dietary Diversity Score (HDDS), a proxy indicator 108 
for dietary diversity that tallies the number of different food groups, on a scale of 1 to 12, consumed by 109 
a household over a reference period (FAO, 2011; Swindale and Bilinsky, 2006).  The study is based on 110 
survey data collected using the Rural Household Multi-Indicator Survey (RHoMIS) tool (Hammond et al., 111 
2017), a digital survey platform designed to rapidly gather comprehensive information on not only 112 
household welfare indices like HDDS, but farm and household characteristics as well. 113 
The objective of this study is to discern the key drivers of dietary diversity in sites at various 114 
stages of agricultural transition in the GMS by analysing the association of HDDS to key household 115 
characteristics, livelihood strategies and indicators of farm performance that include the key factors of 116 
agricultural transitions in GMS.  The study pays particular attention to (1) a set of farm household 117 
‘mutable’ variables that will likely change as transitions continue, or conversely, could be targets for 118 
proposed interventions, and (2) a subset of these mutable variables that are specifically linked to the 119 
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three key aspects of agricultural transition in the GMS.  Such a comprehensive analysis across the 120 
different sites can improve understanding of the commonalities and differences in drivers of dietary 121 
diversity across the region, clarify the interplay between agricultural transition and dietary diversity, and 122 
suggest how ongoing transitions may affect dietary diversity in the region into the future. 123 
 124 
2.  MATERIALS AND METHODS 125 
We collected primary data for analysing the association of HDDS to key household 126 
characteristics, livelihood strategies and indicators of farm performance by implementing three 127 
household surveys in Cambodia, Laos and Vietnam.  Primary data collection supported subsequent 128 
household-level statistical analysis. 129 
 130 
2.1.  Study Site Description 131 
The localities in the three countries where the surveys were implemented (Table 1) were 132 
selected based on expert opinion to capture differences in levels of agricultural transition (CIAT, 2014).    133 
  134 
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Table 1. Study Site Descriptions 135 





Agricultural system:  Low-input monoculture 
Topography:  Upland 
Elevation:  200-400 m 
Population density*:  17 persons/km2 
631 
Laos Xieng Khouang 
Province, 
northern Laos 
Agricultural system:  Mixed crop-livestock 
Topography:  Upland 
Elevation:  1200 m 
Population density**:  16 persons/km2 
365 




Agricultural system:  Intensive 
Topography:  Upland 
Elevation:  400-800 m 
Population density***:  94-143 persons/km2 
310 
* National Institute of Statistics (2013) 136 
** Lao Statistics Bureau (2015) 137 
*** Dak Lak Statistical Office (2016), Dak Nong Statistical Office (2016) 138 
 139 
2.1.1. Laos Site 140 
Xiangkhouang Province is located in northeastern Laos and is characterised by a plateau 141 
surrounded by mountainous terrain.  The provincial capital, Phonsavan (19_26’59.30"N, 103_ 142 
13’16.43"E), lies at an elevation of 1095 m.a.s.l.  Most farmers are smallholders with mixed crop-143 
livestock systems.  Different ethnicities co-exist in the province, with ethnic Lao residing primarily in the 144 
lowlands and Hmong in the uplands.  Growing seasons for significant crops roughly follow the duration 145 
and timing of the wet season, and annual crops are grown from the end of April until the end of 146 
October.  The main crops are rice (both paddy rice and upland rice), maize for feed, cassava, chili, 147 
banana, homegarden vegetables and tea.  Animal husbandry focuses on chickens, ducks, cattle, pigs and 148 
turkeys.  Cut-and-carry forages are collected throughout the year and include Brachiaria ruziziensis, 149 
Pennissetum purpureum and local grass species. 150 
 151 
2.1.2. Cambodia Site 152 
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Ratanakiri Province is remotely situated in northeastern Cambodia and has a population of over 153 
150,000, grouped into twelve ethnic groups including Khmer, Lao Tompoen, and Djarai.  Ratanakiri has 154 
three main landscape types: a basalt plateau in the geographic centre, an upland region bordering Laos 155 
with elevations as high as 1624 m.a.s.l, and flatlands along the Tonle River and in the southern portion 156 
of the province.  Ratanakiri has a monsoonal climate, with a rainy season extending from April to 157 
October that accounts for 99% of the total annual precipitation.  The average precipitation and 158 
temperature between the years 2005 to 2015 were 2318 mm-yr−1 and 26 C, respectively.  Rice is 159 
cultivated for household consumption, and cassava, cashew and rubber are the main cash crops. 160 
Some legume crops, such as soybeans and peanuts, are planted in rotations or intercropped with 161 
cashew trees or cassava.  Animals are mainly reared for meat production.  Ruminants serve as living 162 
family savings in case of a sudden need of capital.  Pigs and poultry are raised for household 163 
consumption or are sold in local or regional markets. 164 
 165 
2.1.3. Vietnam Site 166 
The Central Highlands of Vietnam have a tropical climate, having an annual average 167 
temperature of 24.1 C, with heavy rains during the summer (April to September ) and minimal 168 
precipitation during the winter months (October to March).  The main ethnic groups in the area include 169 
Ede, Kinh, Mnong and Jarai.  Landscapes are characterised by acidic soils, and farming systems are 170 
primarily mixed crop-livestock farms.  Livestock include cattle, swine and poultry that are primarily 171 
raised for meat production.  The main staple crop is rice, and feed crops include maize, cassava and 172 
forages.  Cash crop production focuses on coffee, pepper and cashew nuts.  173 
 174 
2.2.  Survey Implementation 175 
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A household survey was implemented in the three sites between December 2015 and March 176 
2016.  Respondents were randomly selected from village and commune lists obtained from local 177 
authorities by national partners.  Cambodian enumerators (the technical staff executing the surveys) 178 
conducted the surveys on-farm, while teams of Vietnamese and Lao researchers invited respondents to 179 
village meeting halls.  Household interviews were conducted in local languages using Android devices.  180 
Data automatically uploaded to a cloud server whenever the Android devices successfully connected to 181 
the internet and were available for immediate downloading and analysis.  The survey instrument used in 182 
this exercise was the RHoMIS (Rural Household Multiple Indicator Survey) platform (Hammond et al., 183 
2017). 184 
 185 
2.3.  The RHoMIS Platform 186 
The RHoMIS household survey and analysis tool has been described in detail by Hammond et al. 187 
(2017) and has now been applied in more than 17 countries in a series of studies (Fraval et al., 2018; 188 
Hammond et al., 2017; Hammond et al., 2018; Ritzema et al., 2017b; Stirling et al., 2018), collecting data 189 
on more than 13,000 rural households.  Briefly, RHoMIS is a set of carefully designed questionnaire 190 
modules that are administered digitally using the Open Data Kit (ODK) software platform, along with an 191 
associated set of data extraction and analysis tools written in R.  The survey is designed to be both 192 
flexible enough to suit local contexts and sufficiently standardised to permit rapid deployment, analysis 193 
and comparison between multiple sites.  The majority of questions in the survey are used for the 194 
estimation of a series of pre-defined indicators that include: 195 
• The Household Food Insecurity of Access Scale (Coates et al., 2007) for measuring the frequency 196 
and severity of hunger. 197 
• The Household Dietary Diversity Score (Swindale and Bilinsky, 2006), providing an indicator of 198 
household nutrition status. 199 
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• The Progress out of Poverty Index (Desiere et al., 2015; Grameen Foundation, 2015), an asset-200 
based scoring system to estimate the likelihood that a household is in poverty. 201 
• The Potential Food Availability indicator for quantifying the ability of a household to feed itself 202 
through both on-farm and off-farm activities (Frelat et al., 2016; Ritzema et al., 2017b). 203 
These indicators are combined with a comprehensive inventory of agricultural crops and 204 
livestock including yields, uses, sale prices and inputs, and an assessment of off-farm incomes.  The 205 
indicators captured in RHoMIS place the farm household along a continuum of household and farm 206 
characteristics, performance indicators and welfare indicators (see Figure 1), not only enabling in-depth 207 
analyses of indicators independently, but also integrating analyses of how indicators co-vary and how 208 
on-farm and off-farm livelihood strategies correlate to food security, poverty and dietary diversity.   209 
 210 
 211 
Figure 1.  The Structure of the Rural Household Multiple Indicator Survey (RHoMIS): Linking Drivers 212 
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 214 
2.4.  Description of the Key Variables 215 
 216 
2.4.1.  Dependent Variable for Food Security: Household Dietary Diversity Score (HDDS) 217 
HDDS is calculated by tallying the number of food groups consumed by a household over a given 218 
reference period.  Typical HDDS studies follow the procedure outlined by Swindale and Bilinsky (2006) 219 
by using a standardised list of 12 food groups and a 24-hour recall period.  RHoMIS assesses the same 220 
set of food groups and localises typical foodstuffs consumed at each study site but uses a 4-week recall 221 
period.  Respondents indicate consumption of each food group on a ‘daily’, ‘weekly’, ‘monthly’, or 222 
‘never/less than monthly’ basis (Hammond et al., 2017).  Each food group consumed on at least a 223 
weekly basis is given a score of ‘1’.  Food group representation is summed to provide an overall HDDS 224 
score between 1 and 12, representing grains, roots and tubers, vegetables, fruits, legumes, meat, fish, 225 
eggs, dairy, fats, sweets, and miscellaneous foods, respectively.  This adaptation to the HDDS definition 226 
means that values of our HDDS score cannot be interpreted in an absolute way (e.g. that 7-8 food 227 
groups suggests a diet of sufficient diversity), as it is not calibrated in any standard way to nutritional 228 
requirements.  Our results therefore only give insight into the variation of dietary diversity encountered 229 
in the populations sampled.  230 
We nevertheless chose this approach of measuring dietary diversity to enable comparison of 231 
surveys conducted at different points during the agricultural year, as seasonality typically strongly 232 
affects dietary diversity scores.  With this approach our results are independent of the timing of the 233 
single survey application, a factor that in multi-site analyses, as in our case, is otherwise difficult to 234 
control.  Analyses have shown that our method was highly correlated to ‘gold standard’ 24-hour recall 235 
results when both methods were implemented in the same survey and captured similar ranges in 236 
dietary diversity (Martin-Prével et al., 2015).  Fraval et al. (submitted) showed a strong association 237 
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between an adapted dietary diversity score and micronutrient gaps when performing detailed food 238 
consumption analyses, further confirming that the indicator conveys key information about food 239 
security and also showed that recall length did not affect the HDDs results.  240 
 241 
2.4.2.  Independent Variables 242 
A simplified and generalized theory of agricultural transition (Figure 2), similar to e.g. Turner and 243 
Ali (1996) and alluding to Boserup (1965), forms a backdrop for the identification of independent 244 
variables for this study.  With increases in regional population density, and accompanying urbanisation 245 
and higher demand for labour, both food demand and labour factor prices increase, leading to an 246 
agricultural system that garners higher output prices in the context of increasing prices for productive 247 
resources.  As forwarded in CIAT (2014), the agricultural system transitions away from subsistence-248 
oriented and diverse production activities toward a system that aims to sell farm produce, specialises in 249 
profitable production activities and intensifies production (indicated as three aspects of Production 250 
System Transition in Figure 2).  The sites considered in this study are seen to be at different states of on-251 
going agricultural transition: for example, the Laos sites are still significantly subsistence-oriented, while 252 
the sites in Vietnam have largely completed this transition.  Furthermore, transition trajectories, as 253 
described by differing mixes and degrees of market orientation, production specialisation and 254 
intensification, may not be similar across sites.  The core of the analysis in this study, therefore, focuses 255 
on a selected set of independent variables that represent the three aspects of Production System 256 
Transition (Figure 2) in the GMS, rather than the drivers of agricultural transition (i.e. population density, 257 
price increases, etc.), to capture the effects of contrasting transition levels and trajectories on dietary 258 
diversity. 259 
 260 
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 261 
Figure 2.  Theory of Agricultural Transition 262 
 263 
However, this study does not consider the key transition variables exclusively, but takes a 264 
broader view by combining the key transition variables with a set of other 'contextual' variables that 265 
describe household characteristics and livelihood strategies, forming a comprehensive set of 266 
independent variables with potential association with dietary diversity (Table 2).  Some of these 267 
variables are essentially ‘immutable’, i.e. they are fixed and therefore less subject to changes due to 268 
agricultural system transitions, or by extension, cannot be readily addressed by interventions.  269 
Therefore, variables and indicators distilled from the RHoMIS survey were grouped into two sets of 270 
independent variables to compare against HDDS.  The Household Characteristics Group (Table 2) 271 
contains categorical variables that for the intent of this analysis are considered to be immutable, e.g. 272 
ethnicity and household type.  Conversely, the Livelihood Strategies and Farm Performance group (Table 273 
2) is a collection of continuous and count variables that are considered to be ‘mutable’ farm household 274 
characteristics and strategies. 275 
 276 
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 278 
Table 2.  Explanatory Variables for Household Dietary Diversity Score 279 
    
Variables Description Type* Units 
    
Household Characteristics    
Ethnicity Self-identified ethnicity of household. Cat n/a 
Household Type Five types of household heads are possible:  
both parents, single parent, parent working 
away from home, non-parent, child. 
Cat n/a 
    
Livelihood Strategies and Farm Performance   
Female Decision-Making   
Control 
Female control over potential food energy 
available, on a scale (0-1):  0 = male-
controlled, 0.5 = egalitarian, 1 = female-
controlled. 
Cont Dimensionless 
Off-Farm Income Income from off-farm activities. Cont USD.yr-1.person-1 
Market Orientation for 
Food Availability 
Relative importance of crop and livestock 
sales in generating potential food energy 
available. 
Cont %, 0-100 
Value of Crop Production 
(per person) 
Monetised value of crop production, 
normalised by household size. 
Cont USD.yr-1.person-1 
Value of Livestock 
Production (per person) 
Monetised value of livestock production, 
normalised by household size. 
Cont USD.yr-1.person-1 
Land Owned (per person) Household land area, normalised by 
household size. 
Cont ha.person-1 
Crop Diversity Number of crops. Count Dimensionless 
N Fertiliser Use Ratio of amount of N fertiliser applied to 
land cultivated. 
Cont kg N.ha-1  
Land Irrigated Approximate percentage of land area that is 
irrigated. 
Cont % (0, 17, 33, 50, 
75, 100) 
Crop Productivity Ratio of monetised value of crop production 
and land area cultivated. 
Cont USD.ha-1  
Livestock Holdings (per 
person) 
Livestock holdings in Tropical Livestock Units 
(TLU), normalised by household size. 
Cont TLU.person-1 
Livestock Diversity Number of livestock types. Count Dimensionless 
Livestock Contribution to 
Food Availability 
Percentage of food availability 
(kcal.MAE-1.yr-1 ) that is traceable to livestock 
production, either through direct 
consumption or from proceeds when 
livestock are sold. 
Cont %, 0-100 
Livestock Productivity Ratio of monetised value of livestock 
production and livestock holdings. 
Cont USD.TLU-1  
* 'Cat' = categorical variable, 'Cont' = continuous variable, 'Count' = count variable 
 280 
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Within the Livelihood Strategies and Farm Performance variable group (Table 2), specific 281 
variables were selected to represent the three key aspects of production system transition (Figure 2).  282 
Market orientation was represented by the ‘Market Orientation for Food Availability’ variable, a 283 
weighted indicator of the proportion of farm produce that is sold vs. consumed.  The weighting uses the 284 
‘Food Availability’ indicator to account for the importance of each farm product to each household’s 285 
livelihood. The indicator has been tested and applied in a series of recent studies (Frelat et al., 2016; 286 
Hammond et al., 2017).  ‘Food Availability’, while not specifically considered as a variable of interest in 287 
this study, is a key indicator in RHoMIS and is embedded in the definition of several other variables 288 
(Table 2).  ‘Food Availability’ is the food energy, expressed in kilocalories per male adult equivalent per 289 
day, potentially available to a household through both on-farm agricultural production and markets 290 
(Frelat et al., 2016; Hammond et al., 2017; Ritzema et al., 2017a).  Production specialisation is quantified 291 
by two indicators: crop diversity (number of different crops grown) and livestock diversity (number of 292 
different livestock species kept).  Intensification of production is described using several variables as 293 
well: N (nitrogen) applied as mineral fertiliser and land under irrigation.   294 
Other ‘contextual’ independent variables (Table 2), considered together with the key transition 295 
variables, include key farm and livelihood characteristics that may be associated with dietary diversity 296 
such as farm size, livestock holdings and household size.  Several key parameters that would typically be 297 
included in the Household Characteristics Group, namely Household Size and Gender Decision Type, 298 
were incorporated into the Livelihood Strategies category to enhance quality of the results.  The Gender 299 
Decision Type variable quantifies the relative control of women over the benefits of on-farm and off-300 
farm activities (Van Wijk et al., 2016), and has a continuous value between zero (women have no role in 301 
decision-making) and one (women control all decisions related to the benefits of on- and off-farm 302 
activities).  Tavenner et al. (2019) describes a recent detailed study of this indicator.  Though this 303 
variable is descriptive of cultural contexts, it is not considered an immutable descriptor and can be 304 
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influenced through gender-based interventions.  To account for high variability in household size and its 305 
effects on household resource endowments and farm productivity, appropriate variables were 306 
normalised by the number of household members, including Off-Farm Income, Land Owned, Livestock 307 
Holdings, Value of Crop Production, and Value of Livestock Production. 308 
 309 
2.5.  Analysis Approach 310 
The RHoMIS survey differentiated farmer responses on food groups consumed between food 311 
purchased from the market and food produced on-farm.  HDDS values are thus partitioned by source, 312 
forming three distinct dependent variables for statistical analysis:  Total HDDS, HDDS from purchased 313 
food (HDDSpur), and subsistence HDDS (HDDSsub).  All data preparation, outlier testing, and statistical 314 
analysis were performed in R (R Core Team, 2014). 315 
Aiming to retain the maximum number of households in the dataset, we identified outlier 316 
households based on two criteria.  First, we manually screened all dependent and independent variables 317 
for unreasonable values.  Second, we tested the remaining variable values for excessive influence on 318 
parameter values by using DFBETA plots in R (Fox and Weisberg, 2011).  Households with DFBETA data 319 
points having an absolute value greater than 2/√(n), where n is the number of households, were labeled 320 
as outliers and removed from the dataset.  From both outlier criteria, 12, 8, and 3 households were 321 
removed from the Cambodia, Laos, and Vietnam datasets, respectively. 322 
Quantitative analysis of HDDS association with categorical and immutable Household 323 
Characteristic variables used Kruskal-Wallis testing to identify whether statistically significant differences 324 
were apparent between factor levels, and visual inspection of boxplots to discern where differences 325 
were most evident.  Analysis of HDDS vs. the Livelihood Strategies and Farm Performance Group (Table 326 
2), a collection of mutable continuous and count variables, centered on negative binomial regression, a 327 
generalised linear model (Venables and Ripley, 2002).  HDDS is an over-dispersed count variable 328 
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(Koppmair et al., 2017) and correlation between independent variables is evident due to overlapping 329 
variable definitions, e.g. Off-Farm Income and Value of Crop Production are addends in the Food 330 
Availability indicator calculation.  All models started with a full set of independent variables, and we 331 
used the ‘step’ function in R (Hastie and Pregibon, 1992; Venables and Ripley, 2002) to sequentially 332 
remove the most insignificant terms from the regression model using Akaike’s Information Criterion.  333 
Terms remaining with p > 0.1 were then manually removed to leave the most parsimonious model. 334 
Results from the Household Characteristics group analysis did not subsequently inform analysis 335 
of the Livelihood Strategies and Farm Performance group.  Statistically significant differences in the 336 
former would be important to consider if formulating interventions or discerning how cultural 337 
differences or resource endowments affect dietary diversity.  However, in this study, comparisons within 338 
and between the sites are the key area of interest.  Thus, we opted to identify Household Characteristics 339 
differences as an area for further study and important criteria for in-depth analysis and intervention 340 
strategy.  Subsequent regression analysis of the Livelihood Strategies and Farm Performance group is 341 
thus performed across the entire sample population in each site.  342 
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3.  RESULTS 343 
3.1.  Farm Characteristics 344 
A listing of selected farm and household characteristics provides context for subsequent analysis 345 
(Table 3).  Median values and interquartile ranges are indicated for continuous and count variables of 346 
interest. 347 
 348 
Table 3.  Selected Farm Household Characteristics 349 
`  Values: Median (Interquartile Range) 
  Cambodia Laos Vietnam 
     
Household Characteristics    
 Family size 5 (3) 6 (3) 4 (2) 
 Ethnicities represented* 6 2 6 
 Number of household types* 4 5 3 
     
Livelihood Strategies and Farm Characteristics    
 Female decision-making control (0-1) 0.50 (0.083) 0.5 (0) 0.5 (0) 
 Total income (USD.yr-1) 1890 (2640) 250 (1270) 3270 (4390) 
 Off-farm income (USD.yr-1.person-1) 14 (98) 0 (11) 79 (318) 
 Market orientation for food availability (%, 0-100) 80 (49) 9.1 (42) 74 (43) 
 Value of crop production (USD.yr-1.person-1) 340 (420) 194 (195) 558 (966) 
 Value of livestock production (USD.yr-1.person-1) 0.67 (5.2) 4.0 (10) 12 (37) 
 Land owned (ha) 3.5 (3.6) 1.2 (1.3) 1.2 (1.5) 
 Land cultivated (ha) 3.5 (3.5) 1.5 (1.7) 1.3 (1.5) 
 Crop diversity (# of crops produced) 5 (3) 4 (3) 4 (2) 
 N fertiliser use (kg N.ha-1 ) 0 (0) 0 (0) 34 (38) 
 Land irrigated (%, 1-100) 0 (17) 0 (50) 75 (83) 
 Crop productivity (USD.ha-1) 500 (420) 890 (740) 1680 (1700) 
 Livestock holdings (TLU) 0.63 (2.7) 3.7 (5.8) 0.7 (1.9) 
 Livestock holdings (TLU.person-1) 0.13 (0.55) 0.56 (0.91) 0.16 (0.49) 
 Livestock diversity (# of livestock types produced) 2 (1) 3 (2) 2 (1) 
 Livestock contribution to food availability (%, 0-100) 0.027 (1.3) 3.7 (8.1) 1.4 (5.8) 
 Livestock productivity (USD.ha-1) 2.5 (32) 5.0 (17) 37 (220) 
     
* A simple count, thus not a median value.    
 350 
 351 
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Five household types were reported across the 3 sites: (1) two parents, (2) single parent, (3) 352 
non-parent household head, (4) household head working away from home, and (5) child household 353 
head.  Not all household types were reported in each site, and low-frequency household types were 354 
consolidated into an ‘Other’ category in the analysis.  The number of distinct ethnicities reported in the 355 
Cambodia, Laos, and Vietnam sites were 6, 2, and 6, respectively, though Cambodian survey 356 
enumerators used a generic ‘Other’ ethnic category as a sixth ethnicity during data collection. 357 
The Cambodia site exhibits larger farm sizes and cultivation area than either the Laos or Vietnam 358 
sites, but similar livestock holdings to the Vietnam site.  The Laos site has larger family sizes and a 359 
greater diversity of household types, and also places greater emphasis on livestock production (via 360 
quantity and diversity) than the other sites.   361 
Levels of agricultural intensification, i.e. as reflected by nitrogenous fertiliser input rates and use 362 
of irrigation, differ markedly between sites.  The Cambodia site is the least intensified of the 3 sites, with 363 
negligible N fertiliser use and a median value of the percentage of land irrigated being zero, with an 364 
interquartile range of only 17%.  The Laos site reflects slightly more irrigation usage, but the overall 365 
intensification level remains low.  Conversely, intensification levels in the Vietnam site reflect the 366 
prevalence of intensified agriculture and high market connectivity. 367 
 368 
3.2.  Household Dietary Diversity Score 369 
Reported HDDS values cover the entire range of possible values on a scale from 1 to 12.  Sample 370 
sizes were uneven across the 3 sites, with the Cambodia site having a sample size more than double that 371 
of the Vietnam site (Figure 3).  The Laos site reports the lowest mean and median HDDS value (Figure 3).   372 
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 373 
Figure 3.  Descriptive Statistics for Household Dietary Diversity Score, Per Site 374 
 375 
A Kruskal-Wallis test result of p = 4.9e-13 <0.05 confirms visual inspection (Figure 3) that the 376 
central tendency between the 3 sites is not identical.  Shapiro-Wilk values and skewness/kurtosis tests 377 
(Figure 3), along with visual inspection of HDDS histograms (Figure 4) confirm that, in each site, HDDS 378 
values are not normally distributed.  A substantial group (~10-15%) of households consumed only 1-2 379 
food groups (normally grains plus either fats or vegetables).  This diet information is based on the month 380 
of the year when farmers recalled consuming the fewest number of food groups.    381 
 382 
 383 
Figure 4.  Household Dietary Diversity Score Histograms 384 
 385 
Camb Laos VN
n* 607 334 295
Mean 6.4 5.3 6.8
Median 6 5 7
Minimum 1 1 2
Maximum 12 12 11
Skewness -1.0 0.58 -1.55
Kurtosis -3.0 -3.0 -1.23
Shapiro-Wilk 2.07e-8 2.8e-7 3.2e-6
* Number of households  after outl iers  were removed.
Cambodia Laos Vietnam
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We considered the fraction of HDDS attributable to purchased food vs. food produced on-farm.  386 
Households were grouped into 3 categories at each site: those with HDDS < 5, those with 5 < HDDS < 8, 387 
and those with HDDS > 8.  These tertiles are subjective, as no guidelines have yet been formulated for 388 
the number of food groups considered to be adequate or inadequate (FAO, 2011), and are thus 389 
intended to show food purchase trends across an HDDS spectrum.  Box plots (Figure 5) show that in 390 
Cambodia and Vietnam, purchased food groups are most important for overall HDDS, while in Laos the 391 
farm-based groups are most important.  In all sites, trends suggest that households with low HDDS 392 
(Group 1) showed a lower fraction of HDDS from purchased food. 393 
 394 
 395 
Figure 5.  Fraction of Household Dietary Diversity Score from Purchased Food, by Groups 396 
 397 
  398 
VietnamCambodia Laos
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3.3.  HDDS vs. Household Characteristics 399 
Examination of Household Characteristics centered on 2 variables:  Household Type and 400 
Ethnicity (Figure 6).  Respondents typically self-identified as ‘Single [Parent]’ or ‘[Parents] Together’.  401 
Frequency of the three other household types was low across all 3 sites, necessitating consolidation into 402 
a generic ‘Other’ household category.  Similarly, in the Cambodia and Vietnam sites, ethnicities 403 
represented by only a few households were consolidated into an ‘Other’ ethnicity category. 404 
 405 
 406 













KW: p = 5.0e-11 < 0.05
KW: p = 0.25 > 0.05
KW: p = 0.073 > 0.05
KW: p = 0.34 > 0.05 KW: p = 6.3e-6 < 0.05
KW: p = 1.8e-15 < 0.05
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 408 
No statistically significant differences in HDDS are evident for the Household Type variable, in 409 
any of the 3 sites, as indicated by Kruskal-Wallis p-values greater than the 0.05 significance level.  410 
Household Type results contrast sharply with the Ethnicity variable, as differences in HDDS values 411 
between ethnicities are statistically significant in all 3 sites. 412 
             Pairwise Wilcoxon tests reveal more detail on HDDS differences across ethnicities within each 413 
site.  In the Cambodia site, Khmer HDDS values are significantly greater than the Cha Rey (p =  < 0.001), 414 
Tom Poun (p < 0.01), and Other (p < 0.001) ethnicities.  Aside from the Khmer group, the Cha Rey HDDS 415 
values are significantly lower than the Lao (p  < 0.01) and Tom Poun (p  < 0.01) ethnic groups.  Of the 416 
two ethnicities in the Laos dataset, the Hmong HDDS scores are significantly lower than the Lao ethnic 417 
majority (p < 0.01).  In the Vietnam site, the Kinh majority ethnic group shows significantly higher HDDS 418 
scores than the Ede (p < 0.05) and Mnong (p < 0.01) groups, but not the ‘Other’ ethnic group, a small 419 
collection of Nung, Tay, and Thai ethnicities that outperform only the Mnong ethnicity (p < 0.05).  These 420 
results suggest that ethnicity, in all three sites, is an important element to consider when targeting 421 
dietary diversity as a key development outcome in agricultural interventions. 422 
 423 
3.4.  HDDS vs. Livelihood Strategies and Farm Performance Indicators 424 
The second stage of the HDDS analysis focused on assessing the association of a set of 14 425 
mutable ‘Livelihood Strategies and Farm Performance’ indicators (Table 2) with HDDS for each study 426 
site.  A minimal set of significant regressor variables (with significance levels p < 0.10) were assumed to 427 
identify key variables associated with HDDS variability.  Negative binomial regression coefficients 428 
represent log differences in the expected count of HDDS for a unit change in each regressor variable, 429 
while holding other regressors constant (Table 4), meaning that an increase in the value of these 430 
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variables leads to a negative effect on the expected HDDS score, and therefore a decrease in dietary 431 
diversity.  432 
Table 4.  Regressor Variables of Significant Livelihood Strategies and Farm Performance 433 
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 437 
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A cross-site comparison reveals several commonalities between sites (Table 4).  Value of Crop 438 
Production is the only variable that is statistically significant for Total HDDS in all 3 sites, while Crop 439 
Diversity, Livestock Holdings, Value of Livestock Production, and Crop Productivity variables are 440 
insignificant in all sites for Total HDDS.  Accordingly, an increase in crop production may lead to higher 441 
dietary diversity in all three sites, while other variables might lead to improved dietary diversity in one 442 
or more sites, but not all.  A positive association between Off-Farm Income and HDDS in the Laos and 443 
Cambodia sites shows the importance of off-farm income in purchasing diverse foods from the market.  444 
A strong negative association between Market Orientation for Food Availability vs. HDDS in the Laos and 445 
Cambodia sites indicates that increased use of crop and livestock sales to access food energy is matched 446 
with a loss of dietary diversity.  Otherwise, results differ markedly across the 3 sites (Table 4) in both 447 
complexity and content.  A minimal set of 2 regressor variables for the Vietnam site contrasts sharply 448 
with 8 significant variables for the Laos site. 449 
Associations between key indicators and HDDS are further clarified by analysis of marginal 450 
effects.  The key indicators presented in Figure 7 are limited to the strongest associations with the 451 
lowest relative uncertainty as reflected in the p-value (indicated in Table 4).  Holding all other regressors 452 
at their mean, we see that in the Cambodia site, Female Decision Making Control has a small but highly 453 
certain positive association with HDDS (increasing at most by 1 food category across the range of 454 
possible values).  Conversely, Market Orientation has a small negative association with HDDS. Livestock 455 
Contribution to Food Availability has a stronger but more uncertain positive association with HDDS 456 
(increasing by a minimum of 1 to a maximum of 6 food categories).  In the Laos site, the Value of Crop 457 
Production and Land Owned variables are positively associated with HDDS with a high degree of 458 
uncertainty.  The Land Irrigated variable has a small but highly certain positive association with HDDS.  In 459 
the Vietnam site, the Value of Crop Production has a less uncertain, positive association with HDDS 460 
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when compared to Laos, but the association between Livestock Diversity and HDDS is positive with a 461 




Figure 7.  Marginal Effects Plots of Key Indicators 466 
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 467 
3.4.1.  Cambodia Site 468 
Reliance on markets for dietary diversity (Figure 5) is further reflected in synchrony between 469 
HDDSpur and Total HDDS regressor variable sets, and dissimilarity between HDDSsub and Total HDDS.  470 
Variables associated with increased dietary diversity coming from on-farm produce are thus different 471 
from those that positively affect purchased dietary diversity.  Though HDDSsub plays a minor role in the 472 
Cambodian household, Value of Livestock Production, Crop Diversity, Land Irrigated and Livestock 473 
Holdings are linked to HDDSsub, and increases in these variables lead to increased dietary diversity.  Only 474 
the Cambodia site indicates linkages between Female Decision-Making Control and Total HDDS: 475 
increased decision power of women leads to increased diversity in the food purchased, and thereby to 476 
increased overall dietary diversity. 477 
 478 
3.4.2.  Laos Site 479 
Households in the Laos site rely on both markets and consumption of farm products for dietary 480 
diversity (Figure 5), differing from the predominant market orientation of the other 2 sites, and further 481 
evidenced by the strong synchrony in regressor variables between purchased and subsistence HDDS and 482 
Total HDDS.  Whereas in Cambodia total dietary diversity is in most cases only affected positively if a 483 
positive relationship between the independent variable and purchased HDDS is evident, in Laos total 484 
HDDS can be affected positively (and negatively) by both the farm-based and purchased HDDS routes.  485 
Of the 3 sites, the Laos site shows the strongest linkage between HDDS and agricultural intensification 486 
strategies, i.e. N Fertiliser Use and Land Irrigated.  N Fertiliser Use is positively related to purchased 487 
HDDS (more mineral fertiliser use means more production, more sales and thereby more cash available 488 
to buy diverse food), whereas irrigation leads to positive effects on dietary diversity based on both 489 
purchases and consumption of farm-based production.  490 
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 491 
3.4.3.  Vietnam Site 492 
Regression results forward only 2 significant variables for Total HDDS, and as such, the Vietnam 493 
site has the simplest statistical model of the 3 sites.  The most significant regressor variable for Total 494 
HDDS is the Value of Crop Production, matched by a similar value for the same variable for HDDSpur, with 495 
higher value of crop production leading to higher purchased dietary diversity, and thereby also to higher 496 
total dietary diversity.  The relatively small proportion of HDDS from on-farm sources is correlated to 497 
Crop and Livestock Diversity as well as Livestock Productivity.  All of these variables have a positive 498 
effect on farm-based dietary diversity, with Livestock Diversity (the number of different livestock species 499 
raised on-farm) not only leading to an increase in farm-based dietary diversity, but also to an increase in 500 
total dietary diversity. 501 
To frame subsequent discussion, Table 5 summarises  the statistical results by regrouping the 502 
set of 14 Livelihood Strategies and Farm Performance variables (Tables 2-3).  The three transition 503 
aspects of market orientation, production specialisation, and intensification are defined in simple terms 504 
using 5 of the 14 regressor variables.  The market orientation indicator is the Market Orientation for 505 
Food Availability variable.  The specialisation aspect is comprised of the ‘inverse’ of the Crop Diversity 506 
(e.g. low crop diversity indicates high specialisation) and Livestock Diversity variables.  Intensification is 507 
reflected by N Fertiliser Input and Irrigation variables.  The remaining nine regressor variables place 508 
results within the wider farm household context, i.e. Farm Characteristics, Farm Performance, and Other 509 
Household Characteristics categories.  Variable medians and interquartile range results (Table 3) are 510 
subjectively interpreted as Low, Med[ium], or High, and regression results against Total HDDS (Table 4) 511 
are indicated by sign and significance.  Results therefore summarise whether a variable has a high or low 512 
value and whether it has a large effect on HDDS.  For example, nitrogenous fertiliser use is typically an 513 
important determinant of production and an entry point for production intensification.  However, it is 514 
Ritzema, et al.  Household-level drivers of dietary diversity in transitioning agricultural systems 29 
not identified as a significant variable in any of the sites.  In Cambodia and Laos, the use of mineral 515 
fertiliser is low while in Vietnam it is high, but results show little variation in intra-site mineral fertiliser 516 
use.  So though mineral fertiliser would be expected to affect production positively, it does not have 517 
large within-site variation and therefore in analyses at the integration level does not arise as a key 518 
variable.   519 
 Table 5.  Levels of Independent Variables 520 
and Interpreted Correlated Variation to Household Dietary Diversity Score 521 
 Cambodia Laos Vietnam 
Household Dietary Diversity Score (median): 6 5 7 
        
Agricultural Transition  Level CV* Level CV* Level CV* 
Market Orientation Market Orientation for FA High (-)*** Low (-)* High  
Specialisation Crops Low  Med  Med  
 Livestock High  Med (-)** High (-)** 
Intensification N Fertiliser Low  Low (+) High  
 Irrigation Low  Low (+)*** High  
        
Farm 
Characteristics 
Land Owned High (+) Low (+)** Low  
Livestock Holdings Low  High  Low  
        
Farm Performance Value Crop Production Med (+)* Low (+)** High (+)*** 
 Crop Productivity Low  Med  High  
 Value Livestock Production Low  Med  High  
 Livestock Productivity Low  Med (-) High  
 Livestock Contribution to FA Low (+)** Low  Low  
        
Other HH Char's Female Decision Control Med (+)** Med  Med  
 Off-farm Income Med (+)* Low (+)* High  
*CV = Correlated Variation 522 
 523 
3.5.  Food Group Differentiation with HDDS 524 
Figure 8 displays food group composition for each HDDS value across the full HDDS range within 525 
each site.  Charts reveal the distinctions between sites and shifts in food groups as HDDS scores 526 
Ritzema, et al.  Household-level drivers of dietary diversity in transitioning agricultural systems 30 
increase, for Total HDDS as well as its purchased and subsistence components.  The differences between 527 
the sites in the dietary diversity represented in the purchased and subsistence components of HDDS 528 
reflect results displayed in Figure 5: the diversity of the purchased portion of HDDS dominates in the 529 
Cambodia and Vietnam sites, while the food group diversity originating from on-farm production and 530 
purchasing are roughly equal in the Laos site. 531 
Examination of one food category illustrates the utility of food group disaggregation.  The ‘fruits’ 532 
category becomes prevalent in each of the sites when HDDS values reach a value of approximately ‘7’, 533 
as shown in the Total HDDS charts in Figure 8.  Further information can then be gained through close 534 
examination of the ‘HDDS purchased’ and ‘HDDS subsistence’ charts.  In the Laos site, for example, the 535 
‘fruit’ category is insignificant below ‘HDDS purchased’ scores of 6.  As the maximum allowable HDDS 536 
score for a farm household is 12, an ‘HDDS purchased’ score of 6 corresponds to an ‘HDDS subsistence’ 537 
score of 6 or less.  These results therefore suggest that Lao site households consume what little fruit 538 
they produce on-farm.  Households with a Total HDDS score of roughly 6 or above then increasingly turn 539 
to market sources. 540 
Households in the Laos site clearly produce rice for consumption and purchase little grain from 541 
the market, while the inverse is true for the Vietnam site.  As in the case of fruit, consumption of dairy 542 
and legumes is negligible in all sites below Total HDDS = 7, but above this threshold, dairy products are 543 
typically purchased and legumes are produced on-farm.  Fats and sweets are consumed by almost all 544 
households and are already present in diets of low diversity.  In the Vietnam site, eggs and vegetables, 545 
and to a smaller extent meat and fruits, originate on-farm, while in the Cambodia site, grains, roots and 546 
tubers, eggs, fruits and fish originate from on-farm production.  In the Laos site, virtually all crop-based 547 
food groups originate from on-farm production. 548 
549 
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 550 
 551 
Figure 8.  Dietary diversity: proportion of households consuming specific food categories by farm type 552 
and period.  Both the horizontal and vertical axes show the total dietary diversity scores.  On the  553 
vertical axis, the composition of household diets are shown using colour-coded food categories.  The 554 
vertical axis thereby shows the proportion of households consuming each category at specific dietary 555 













HDDS purchased HDDS subsistenceTotal HDDS
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 558 
4.  DISCUSSION 559 
Results establish that dietary diversity, as measured using HDDS, varies between three GMS 560 
study sites that are perceived to be in various phases of agricultural transition (Table 5).  A key 561 
component of the analysis is associating HDDS to a simple but comprehensive set of mutable farm, 562 
livelihood, and household characteristics, as mutable characteristics are likely to change as agricultural 563 
systems undergo further change.  Forging these links requires an understanding of 2 factors for effective 564 
interpretation of results within and across sites: (1) the levels of each variable, at each site, representing 565 
those characteristics, and (2) the variation of those variables within each site and the significance of the 566 
association of that variation with HDDS.  For example, the Value of Crop Production variable in the 567 
Vietnam site has high variation that is significantly correlated to HDDS, around a high median production 568 
value relative to the other sites.  Both data provide meaningful information.  On the other hand, a lack 569 
of correlated variation in N fertiliser use rates to HDDS in the Vietnam site does not reflect its 570 
unimportance as a ‘driver’: high crop production levels in the Vietnam site in fact depend upon fertiliser 571 
inputs.  Rather, there is little variation in N fertiliser input rates correlating to HDDS because fertiliser 572 
use is high across the spectrum of farm households in the Vietnam site.  Interpretation of the data 573 
within its site context is therefore a key component of the analysis. 574 
 575 
4.1.  Laos Site 576 
Relative to the other two sites, the Laos site is positioned at the lower end of the spectrum in 577 
terms of income (Table 3) and dietary diversity (HDDS, Figure 3).  Following Boserup’s theory of 578 
agricultural intensification via induced innovation (Boserup, 1965) and as outlined in Herrero et al. 579 
(2014), the Laos site appears to be in only the initial phases of agricultural transition (Table 5).  580 
Livelihood strategies have a strong subsistence orientation, particularly in production of grains, roots 581 
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and tubers, and some vegetables (Figure 8).  Households are more dependent on on-farm production in 582 
terms of HDDS than the Vietnam or Cambodia sites, as reflected in the fraction of HDDS that is 583 
purchased (Figure 5), and significant synchrony between HDDSsub and Total HDDS regression terms 584 
(Table 4). 585 
Agricultural transition variables (i.e. those representing market orientation, intensification, and 586 
specialisation shown in Table 5) are key drivers of dietary diversity, though not all in the same direction.  587 
Intensification influences HDDS positively, but intensification is currently evident only through limited 588 
irrigation (Table 3), primarily for subsistence paddy rice production (Figure 7).  Furthermore, irrigation 589 
expansion is the most significant driver of HDDS, through both market and subsistence pathways (Table 590 
4).  Fertiliser use is limited, though regression results indicate that as application of fertiliser increases, 591 
HDDS improves through marketing of produce (Figure 5).   592 
However, HDDS also trends negatively against other transition aspects.  The significant negative 593 
correlation with livestock specialisation (Table 5) reflects a subsistence orientation toward livestock 594 
production (also reflected through high livestock holdings), thus enhancement of livestock diversity 595 
would presumably lead to higher dietary diversity.  However, increased livestock diversity is associated 596 
with higher HDDS through market connectivity (Table 4), so a fuller understanding of market 597 
interactions is needed to more fully interpret this dynamic. 598 
Agricultural transition is not the only driver of dietary diversity in the Laos site, though it is 599 
arguably the dominant influence.  Though off-farm income is negligible, regression results show a 600 
dramatic effect on dietary diversity through market purchases when off-farm income becomes available.  601 
Overall, with increased crop production, through either more land or through intensification, 602 
households first diversify diets via on-farm production, with some shift in orientation towards markets 603 
(Figure 5).  604 
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These findings may suggest that the linkage between ongoing agricultural transition, or perhaps 605 
interventions, to improved dietary diversity may be somewhat predictable, but would depend on the 606 
balance between what are currently positive intensification influence vs. negative specialisation and 607 
market orientation influences.  Production intensification shows a clear positive HDDS trend but 608 
coupling intensification with market connectivity that is conducive to HDDS enhancement, within a 609 
context that is still strongly subsistence-oriented, would be critical.  Improvement in off-farm income 610 
and maximising the value of crop production are important ‘non-transition’ farm household 611 
characteristics to consider. 612 
 613 
4.2.  Cambodia Site 614 
The Cambodia site is positioned between the Laos site and the Vietnam site in terms of HDDS 615 
(Figure 3) and all forms of income (Table 3).  The site presents a mixture of agricultural transition traits 616 
that differ from those of Laos, i.e. along the trajectory of increased market orientation, intensification, 617 
and specialisation.  Agricultural systems appear to be focused on specialized and non-irrigated cash crop 618 
production, with relatively low crop production levels that are nonetheless primarily intended for the 619 
market, especially across the border with Vietnam.  HDDS is primarily associated with food purchases 620 
(Figure 5), a finding supported by the lack of synchrony between the significant factors for HDDSsub and 621 
Total HDDS (Table 4).  High market connectivity is a prerequisite condition for this to be true.  At the 622 
same time, the intensification strategies of fertiliser use and irrigation are nearly absent.  Livestock 623 
production is de-emphasised, with the Cambodia site having the lowest livestock holdings of any site.  624 
Despite being a market-oriented site, crop diversification, irrigation, and increased livestock production, 625 
when present, produce foodstuffs that are primarily consumed by the household (Table 4) including rice, 626 
roots and tubers, and vegetables (Figure 8).  Some food groups, i.e. dairy, fats, sweets, and eggs are 627 
obtained only from the market (Figure 8). 628 
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Unlike the Laos site, agricultural transition characteristics appear to have little bearing on 629 
dietary diversity, which is instead associated with non-transition farm and household aspects.  However, 630 
keeping in mind that levels of associated variables are important to consider along with the variables’ 631 
correlated variability, the lack of significance for e.g. fertiliser or irrigation, may be explained by the lack 632 
of any variation to correlate against HDDS.  There may simply be too little fertilisation or irrigation 633 
utilised among the surveyed households to be measurable against HDDS, but introduction of 634 
intensification strategies may well have a positive (albeit unknown) effect on dietary diversity. 635 
Strikingly, the variable with the most significant correlation to HDDS, Market Orientation for 636 
Food Availability, is negatively correlated, as in the case of the Laos site.  This variable indicates the 637 
degree that crop and livestock production sales are used to obtain potential food energy (Table 2).  This 638 
result appears counter-intuitive, as increasing market orientation in an agricultural context having 639 
strong market connectivity would seem to give farm households the opportunity to purchase a diverse 640 
basket of food groups, as is in fact reflected in Cambodia’s purchase food group distribution (Figure 8).  641 
However, this result may reflect a changing attitude toward dietary diversity as farm revenues increase, 642 
or may indicate that farm proceeds may be used for other non-food purposes such as school fees.  643 
Furthermore, some farm households in remote areas may be far from markets, but are still highly 644 
market-oriented through traders.  For these households, market access to a diversity of purchased 645 
foodstuffs may be limited, and income from farm sales thus may not necessarily translate to higher 646 
dietary diversity. 647 
Association of dietary diversity with non-transition variables (e.g. productive resources such as 648 
land and livestock holdings, and productivity and household characteristics such as female decision 649 
control and off-farm income) is more prominent for the Cambodia site than the Laos site (Table 5).  650 
Livestock holdings are low, yet production is relatively market-oriented (Figure 7).  Conversely, farms are 651 
larger relative to the other sites, but increased farm size remains positively correlated to HDDS.  652 
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Cambodia is the only site where Female Decision-Making Control has non-trivial variation and is 653 
significantly associated with HDDS.  As in the Laos site, off-farm income is low, but is associated with 654 
increasing HDDS when it is accessible. 655 
The Cambodia site presents a different picture of early-stage agricultural transition  (market 656 
orientation, intensification and specialisation as shown in Table 5) than the Laos site, where market 657 
orientation is less prominent.  Specialisation and intensification traits reflect pre-transition conditions, 658 
while livelihoods are dependent on cash crop production on larger farms.  It is therefore uncertain how 659 
further agricultural transition will affect dietary diversity.  However, based on results from Laos and 660 
Vietnam, introduction of even small intensification measures will likely correlate to improved dietary 661 
diversity.  The importance of non-transition aspects must not be ignored in the transition process, and 662 
improved female decision-making over food purchases along with greater off-farm income could 663 
produce large HDDS gains. 664 
 665 
4.3.  Vietnam Site 666 
Vietnam presents the lowest poverty (as expressed by income, Table 3) and highest HDDS of any 667 
of the 3 sites (Figure 5).  Farms have seemingly undergone the transition to commercialisation and 668 
specialisation (Table 5), and are small but highly intensified (Table 3 and Table 5).  A high percentage 669 
(75%-80%) of HDDS is purchased, rather than produced on farm (Figure 5).  Food groups are well-670 
represented, with the exception of roots and tubers, which are consumed typically only by high-HDDS 671 
households (Figure 8). 672 
Low correlated variation of post-transition market orientation, specialisation, and intensification 673 
variables to HDDS (Table 5) is likely due to uniformity across the sample population: most households 674 
are already highly connected to markets, with highly specialised and intensified agricultural systems.  675 
Despite high market orientation, livestock diversity still plays a role in increasing dietary diversity 676 
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through on-farm consumption of livestock products, highlighting the potential role of livestock to 677 
support dietary diversity in post-transition households.  Otherwise, variations in the value of crop 678 
production are the predominant driver of HDDS, as crop production equates to cash resources for 679 
purchasing diverse foodstuffs (Figure 8). 680 
 681 
4.4.  Cross-Site Trends 682 
Though limited in farm size, the Vietnam site has transitioned to highly market-oriented, 683 
specialised, and intensified agricultural systems, unsurprisingly matched with high farm performance 684 
indicators (Table 5).  The Cambodia and Laos sites are at different positions in the transition space but 685 
have markedly different transition pathways in terms of market orientation, specialisation, and 686 
intensification.  The Cambodia site, with low fertiliser and irrigation usage, is nonetheless highly market 687 
oriented.  The Laos site shows a different trend, with some crop specialisation and irrigation (primarily 688 
for rice production), but with low market orientation and emphasis on subsistence production.  These 689 
results illustrate transition processes in the GMS may be multi-dimensional rather than linear.   690 
HDDS appears to be more related to cropping system transitions than to livestock systems, 691 
whether crops are consumed on-farm or sold in the market.  Interestingly, crop diversification shows 692 
little effect on Total HDDS: gains in HDDSsub are matched with losses in HDDSpur (Table 4).  These 693 
contrasting effects might be one explanation why the literature on the link between crop diversity and 694 
dietary diversity shows confusing results, with limited effects of crop diversity on dietary diversity at 695 
best (Cook, 2018; Waha et al., 2018).  Livestock diversification may be associated with higher HDDS, but 696 
pathways differ between sites.  Our results on the contrasting effects of diversification on HDDSsub and 697 
HDDSpur show that crop and farming diversification need to be understood as part of overall livelihood 698 
diversification strategies (Mortimore and Adams, 2001; Newsham and Thomas, 2011). 699 
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Analysis of household characteristics reveals that though significant differences in dietary 700 
diversity are not apparent between household types, ethnicity was a major driver of HDDS scores in 701 
each site (Figure 6), and therefore should be considered in further studies, farming systems analysis or 702 
intervention design.  This study focused on variability within each site to give indications of drivers of 703 
dietary diversity, and thus the site populations were not disaggregated by ethnicity.  Further research is 704 
needed, however, to understand the nature of dietary diversity differences between ethnic groups, and 705 
to understand how agricultural transition trajectories and potential interventions could be shaped by 706 
ethnicity. 707 
The disaggregation of the food groups by origin (Figure 8) gives key information on how 708 
continuing agricultural transition may result in transitions within specific food groups, or potentially for 709 
projects that try to improve dietary diversity through on-farm interventions.  This information can also 710 
give insights into possible policy recommendations.  In the Vietnam site, only eggs and vegetables 711 
originate on-farm, and to a smaller extent meat and fruits, while in the Cambodia site grains, roots and 712 
tubers, eggs, fruits and fish originate from on-farm production.  These food groups and their 713 
corresponding products could be targeted to directly improve dietary diversity through home 714 
consumption of production.  Other production interventions that would potentially increase production 715 
would indirectly improve dietary diversity if farmers use the extra income to buy diverse foods.  The fact 716 
that appreciable amounts of fats and sugars are consumed by households with low dietary diversity 717 
scores suggests that this is unlikely to be a viable pathway to diverse diets unless these undesirable 718 
consequences are countered.  Policies that support further production intensification should therefore 719 
be paired with nutrition education; otherwise, improved incomes will likely not result in improved diets. 720 
In the Laos site, essentially all crop-based food groups originate from on-farm production, thereby 721 
suggesting that production intensification options could directly result in more diverse diets.    722 
 723 
Ritzema, et al.  Household-level drivers of dietary diversity in transitioning agricultural systems 39 
5.  CONCLUSIONS 724 
The objective of this study was to discern key drivers of dietary diversity, as measured by an 725 
adapted implementation of the Household Dietary Diversity Score, in three study sites in the Greater 726 
Mekong Subregion that represent different stages of agricultural transition from subsistence to 727 
commercialised production.  Characteristics differ between the sites as indicated by levels and trends in 728 
indicators representing 3 primary transition descriptors: market orientation, specialisation, and 729 
intensification.  Agriculture in the Vietnam site has essentially transitioned, while the Laos and 730 
Cambodia sites display divergent combinations of transition traits.  These results suggest that 731 
agricultural transformation in the context of the GMS is best described in terms of multiple pathways 732 
rather than a linear progression.   733 
Dietary diversity, as measured using HDDS, varies in a statistically significant manner between 734 
three GMS study sites that roughly follows that commercialisation transition.  However, drivers of 735 
dietary diversity differ markedly between the sites.  In the Laos site, HDDS is most closely correlated to a 736 
set of variables closely linked with agricultural transition, while in the Cambodia site it follows other 737 
farm and household characteristics.  In the Vietnam site, dietary diversity is closely correlated to the 738 
overall value of crop production.  These findings show that continuing agricultural transitions will exhibit 739 
differing trajectories between the sites, with concomitant impacts on dietary diversity.   740 
Agricultural transition pathways are site-specific, and therefore contextualised policies and 741 
approaches are needed to ensure that agricultural transitions do not occur at the expense of dietary 742 
diversity.  Though findings cannot be translated directly to intervention recommendations in this study, 743 
they do provide indications of where interventions might be needed to support or potentially offset the 744 
effects on dietary diversity from ongoing agricultural transition processes.  Cambodia and Laos show 745 
much potential for input-driven intensification, while in Vietnam diversification is a key policy entry 746 
point, as well as further diversification of livestock production.  This will lead to increased market 747 
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orientation, but it must be accompanied by nutrition education to stimulate diversification strategies. 748 
Future research can focus on discerning the linkages between dietary diversity and key drivers in greater 749 
detail, perhaps in conjunction with household analysis and modeling to formulate specific interventions.  750 
These efforts should carefully consider the differentiating role of ethnicity as a driver of dietary diversity. 751 
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